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REMARKS 

Claims 1, 2, 4, 5, 7, and 9 are pending in the application. Claims 3 5 6, and 8 have been 
canceled. 

Specification and Claims 

Minor changes have been made to the specification to place it in better form for U.S. 
practice. 

Further, minor changes have been made to the pending claims, without affecting the 
scope thereof, to place them in better form for U.S. practice. 

Claim Rejections - 35 U.S.C. § 102 

Claims 1 and 2 have been rejected under 35 U.S.C. § 102(b) as being anticipated by 
Sugano et al. (USP 6,012,004). This rejection is respectfully traversed. 

Claim 1 has been amended to include all of the limitations of claim 3, which includes 
allowable subject matter as indicated by the Examiner. 

In view of this, claim 1, as amended, is now in condition for allowance. 

Claim 2, dependent on claim 1, is allowable at leas for its dependency on claim 1 . 

The Examiner is respectfully requested to reconsider and withdraw this rejection. 
Allowable Subject Matter 

Applicants appreciate the Examiner's indication that claims 3-9 would be allowable if 
rewritten in independent form including all of the limitations of the base claim and any 
intervening claims. 
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In view of this, rather than amending claim 3 to include all of the limitations of claim 1, 
claim 1 has been amended to include all of the limitations of claim 3 to place claim 1 in 
condition for allowance. 

Claims 4, 5, 7, and 9, variously dependent on claim 1, are allowable at least for their 
dependency on claim 1 . 

Claims 3, 6, and 8 have been canceled. 

A favorable determination by the Examiner and allowance of these claims is earnestly 
solicited. 

Conclusion 

Accordingly, in view of the above amendments and remarks, reconsideration of the 
rejections and objections, and allowance of the pending claims are earnestly solicited. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Maki Hatsumi, Registration No. 
40417 at the telephone number of the undersigned below to conduct an interview in an effort to 
expedite prosecution in connection with the present application. 
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If necessary, the Director is hereby authorized in this, concurrent, and future replies to 
charge any fees required during the pendency of the above-identified application or credit any 



Respectfully submitted, 




overpayment to Deposit Account No. 02-2448. 
Dated: July 23,2010 



Byv_ ^/^C ^(i-^^ qa^Ait&iikLU 

Charles Gorenstein 
Registration No.: 29271 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
8110 Gatehouse Road, Suite 100 East 
P.O. Box 747 

Falls Church, VA 22040-0747 
703-205-8000 
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Description 

Controllers for Heavy Duty Industrial Vehicle 
BACKGROUND OF THE INVENTION 

TECHNICAL FIELD 1 , Field of the Invention 
[0001] 

This invention relates to controllers which are 
used for heavy duty industrial vehicles, for example, 
a reach stacker as a cargo handling vehicle, and a motor 
grader as a road surface maintenance vehicle. 

BACKGROUND ART 2 . Description of the Related Art 
[0002] 

A heavy duty industrial vehicle not only has a 
vehicle moving by itself, but also has a working machine 
unique to the vehicle. Thus, this type of industrial 
vehicle is adapted to be capable of performing a 
predetermined working action with the use of the working 
machine. Some of such heavy duty industrial vehicles 
use one controller to control not only the moving action 
of the vehicle, but also the working action of the working 
machine, thus controlling the entire vehicle. Some 
other heavy duty industrial vehicles have separate 
controllers, such as a controller for the moving action 
of the vehicle, and a controller for the working action 
of the working machine, and connect these controllers 
by a network to control the entire vehicle. 
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Patent Document 1 : Japanese Patent Application 
Laid-Open No. 2000-165422 

DISCLOSURE SUMMARY OF THE INVENTION 
Problems to be solved by the Invention 
[0003] 

With a configuration in which the entire vehicle 
is controlled by use of a single controller, control 
signals to a plurality of instruments to be controlled 
can be concentrated on the single controller. Thus, 
software can be constructed in a simple configuration, 
even when the instruments to be controlled are caused 
to cooperate. However, a malfunction in one controller 
would bring the actions of the entire vehicle to a halt. 
In the heavy duty industrial vehicle , moreover, wirings 
for control signals from the controller to the 
instruments to be controlled extend over long distances, 
and the number of the wirings is large, thus increasing 
the complexity of the steps for designing and assemblage. 
Moreover, the parts to be operated are many. 
Consequently, possibilities are high for malfunctions 
due to poor contact of the wiring when in use, a break 
in the wire, and so on. 
[0004] 

In recent years, use has been made of a method 
in which a dedicated controller is provided for each 
of the instruments to be controlled, and the respective 
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controllers are connected by a network to control the 
actions of the entire vehicle . According to this method, 
however, the controller composed of dedicated hardware 
is used for each of the instruments to be controlled. 
Thus, software needs to be designed individually, and 
the design of the software is itself complicated. 
Furthermore, some of the capabilities of the controller, 
for example, the communication capability, may be 
rendered common among the controllers. However, the 
instrument to be controlled by one controller is limited 
to a particular instrument, or the position of 
installation of the controller is limited to a 
predetermined position, and only the particular 
instrument to be controlled, which is suitable for the 
particular position of installation, is controlled. 
Thus, commonality of hardware is insufficient. 
Besides, software itself needs to be constructed 
beforehand individually for each of the controllers, 
and maintainability at the time of failure remains 
unchanged from that of the controller having the 
dedicated hardware. That is, the conventional 
controller has not achieved complete commonality of 
hardware itself, and has required individual 
construction of software adapted for the instrument 
to be controlled as a subject of control. Hence, none 
of the conventional controllers have been easily 
divertible to use on any instruments to be controlled. 
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[0005] 

The aforementioned heavy duty industrial 
vehicles, in particular, are used under harsh service 
conditions, and if a partial failure stops the action 
of the entire vehicle, work may be markedly impeded. 
Thus, it has been desired that in the event of a partial 
failure, minimum function could be performed so as not 
to impede work, and a repair operation could also be 
promptly carried out. 
[0006] 

The present invention has been accomplished in 
light of the above-mentioned problems. An object of 
the present invention is to provide controllers for 
a heavy duty industrial vehicle, which have many 
input/output functions, which are highly versatile, 
and whose software is easy to change. 

Means for solving the Pr obi cms MEANS FOR SOLVING THE 

PROBLEMS 

[0007] 

Controllers for a heavy duly industrial vehicle 
according to a first aspect claim — 1 — of the present 
invention, for solving the above problems, are a 
plurality of controllers which are provided in the heavy 
duty industrial vehicle equipped with a working machine 
for performing predetermined work; which control, 
independently of each other, a plurality of instruments 
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to be controlled, including the working machine, the 
instruments being provided in the heavy duty industrial 
vehicle; and which are characterized in that the 
configuration of hardware of the plurality of 
controllers is entirely common. 

Concretely, not only the configuration of the 
hardware inside each of the controllers is rendered 
common, but also the positions of disposition, and the 
numbers, etc. , of connectors serving as interfaces with 
input and output signals (for example, serial signals, 
analog signals, and digital signals) to and from 
external instruments to be controlled are rendered 
common. Depending on the instruments to be controlled, 
the types, capacities (e.g., voltage), and numbers of 
the input and output signals required are different. 
However, the maximum required types, capacities and 
numbers are provided in common. 
[0008] 

The controllers for a heavy duty industrial 
vehicle according to a second aspect of this 
invent ion claim 2 , which solve the above problems, are 
the above controllers for a heavy duty industrial 
vehicle, wherein characterized in that the plurality 
of controllers are interconnected by a network. 

As the network, CAN (controller area network) bus , 
which is used mainly in automobiles, connects the 
controllers together. Particularly, high speed CANbus 
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with several Mbps or more is desirable. 
[0009] 

The controllers for a heavy duty industrial 
vehicle according to a third aspect of this 
invent ion claim 3 , which solve the above problems, are 
the above controllers for a heavy duty industrial 
vehicle, wherein characterized in — that software for 
controlling each of the instruments to be controlled 
is of a hierarchical structure, driver software at a 
lower level for directly controlling each of the 
instruments to be controlled is common, and only 
application software at an upper level utilizing the 
driver software is different according to the function 
of each of the instruments to be controlled. 
[0010] 

The controllers for a heavy duty industrial 
vehicle according to a fourth aspect of the 
invent ion claim 4, which solve the above problems, are 
the above controllers for a heavy duty industrial 
vehicle, further including characterized — ana — that — 
rewriting means is provided for making only the 
application software rewritable. 
[0011] 

The controllers for a heavy duty industrial 
vehicle according to a fifth aspect of this invention 
claim 5, which solve the above problems, are the above 
controllers for a heavy duty industrial vehicle, 
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further including characterized — in that limited 
operation means is provided for enabling an operation 
by other controller so that at least the heavy duty 
industrial vehicle can be run, even if the controller 
for controlling the working machine fails or is not 
connected to the network. 

That is, limited operation means, called a 
degradation mode, is set, whereby even if one of the 
plurality of controllers fails or is not connected to 
the network, a limited operation can be performed, 
permitting the vehicle to run. The subject of the 
limited operation is not limited to a vehicle run. For 
example, in order to ensure safety, the action of the 
working machine may be limited to a minimum required 
one, which may be operated. 

Effects of the Invcntion EFFECTS OF THE INVENTION 
[0012] 

According to the present invention, the hardware 
of each of the plural controllers for controlling the 
instruments to be controlled is rendered common . Thus , 
by changing only the software installed, the subject 
of control can be switched, and the controller with 
the changed software can be diverted to use on the 
selected instrument. As a result, the types of the 
parts used in the heavy duty industrial vehicle can 
be reduced. Moreover, the commonality of the hardware 
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can achieve a unit price reduction due to the economies 
of mass production. 
[0013] 

According to the present invention, the 
plurality of controllers are interconnected by the 
network (CANbus). Thus, the control function can be 
distributed among the plural controllers, and the 
degree of freedom of the locations of arrangement can 
be improved. That is, the positions of installation 
of the controllers can be flexibly selected according 
to the design of the vehicle body of the heavy duty 
industrial vehicle. The distributed arrangement of 
the controllers can markedly decrease in-vehicle 
wirings for operational inputs and outputs for 
hydraulic selector valves and many signal connections, 
in comparison with conventional heavy duty industrial 
vehicles. Also, the effect of cutting down on the 
wiring cost and the assembly cost is obtained. There 
is also produced the effect of preventing troubles, 
such as a break in or poor contact of sensor signal 
wires of the working machine or the cabin having a slide 
mechani sm . 
[0014] 

According to the present invention, commonality 
is achieved of hardware of each controller, and of the 
lower-level driver software for directly controlling 
the instruments to be controlled, in the software having 
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the hierarchical structure. Thus, by changing only the 
upper-level application software utilizing the driver 
software, the controller with the thus changed 
application software can be used as a controller for 
controlling the different instrument to be controlled. 
Hence, in the event of a damage to one controller, only 
the application software is rewritten by use of 
rewriting means such as a maintenance tool. The 
controller used for other instrument to be controlled, 
if subjected to such rewriting, can be used as an 
alternative component for the controller which controls 
the desired instrument to be controlled. Thus, a step 
and time, which have been required for emergency saving, 
can be shortened. 
[0015] 

According to the present invention, even if one 
controller, forexample, the controller for controlling 
the working machine, such as the spreader, fails or 
is not connected to the network, other controller 
enables vehicle body control and cabin operation of 
the heavy duty industrial vehicle, thereby permitting 
a limited operation such as a run operation (degradation 
mode) . Thus, a run of the vehicle becomes possible even 
during detachment of the working machine at the time 
of transportation, assemblage, or maintenance. 

_Bricf Description of the Drawingo BRlEF DESCRIPTION 
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OF THE DRAWINGS 
[0016] 

FIG. 1 is a view showing a configuration example 
in which controllers for a heavy duty industrial vehicle 
according to the present invention are used. 

FIG. 2 is a table showing a constitution example 
of input/output signals of the controllers for the heavy 
duty industrial vehicle according to the present 
invention . 

FIG. 3 is a view showing an example of the logic 
configuration of the controllers for the heavy duty 
industrial vehicle according to the present invention. 

FIG. 4 is a flow chart illustrating a procedure 
in the event of a failure in the controllers for the 
heavy duty industrial vehicle according to the present 
invention . 

FIG. 5 is a flow chart illustrating another 
procedure in the event of a failure in the controllers 
for the heavy duty industrial vehicle according to the 
present invention . 

Description — e-f — the — reference — numerals 
[0017] 

1 front wheel — ,2 rear wheel — , 3 vehicle body , 4 

stand — , 5 boom cylinder — , 6 boom — r-7 — arm — j-8 — lock pin — j-9- 
oprcadcr — r-4-Q — cabin 



10 



Atty. Docket No.: 0965-0461PUS1 
Substitute Specification 
Marked-Up Copy 

Best Mode for Carrying Out the Invent ion DETAILED 
DESCRIPTION OF THE INVENTION 
[0018] [0017] 

Controllers for a heavy duty industrial vehicle 
according to the present invention control a plurality 
of instruments to be controlled, which are provided 
in the heavy duty industrial vehicle. Hardware of each 
of these controllers is rendered common, the basic 
features of software are also rendered common, and only 
the minimum reguired features of the software are 
constructed to be suitable for the instruments to be 
controlled. Thus, the software of the controller can 
be easily changed. Regardless of the instrument to be 
controlled, as a subject of control, the controllers 
can be easily diverted to use on any instruments to 
be controlled. 
[0019] [0018] 

Even if a malfunction happens in other of the 
controllers, the controllers for the heavy duty 
industrial vehicle according to the present invention 
enter a degradation mode by a predetermined procedure, 
thereby enabling only a limited action, for example, 
a running action, to be performed. 

Embodiment 1 
[0020] [0019] 

FIG. 1 is a view showing a configuration example 



11 



Atty. Docket No.: 0965-0461PUS1 
Substitute Specification 
Marked-Up Copy 

in which controllers for a heavy duty industrial vehicle 
according to the present invention are used. 

In the present invention, the heady duty 
industrial vehicle is explained, with a reach stacker 
being taken as an example. However, the present 
invention is not limited to the reach stacker, but can 
be applied to other heavy duty industrial vehicles, 
such as a heavy duty fork lift and a motor grader. 
[0021] [0020] 

The reach stacker, if explained briefly, is a 
heavy duty, cargo-handling vehicle used for loading 
and unloading or movement of containers in a port, etc. 
The reach stacker is low in cost, corners easily, has 
no limitations on the distance over which it moves the 
container. The reach stacker can access not only the 
container placed at the front, but the container located 
at the back, and is thus a cargo handling vehicle very 
convenient in transshipping and moving containers. 
[0022] [0021] 

As shown in FIG . 1, the reach stacker has a vehicle 
body 3 mounted with two front wheels 1 and two rear 
wheels 2; a boom 6 disposed above the vehicle body 3 
so as to be tiltable about a stand 4 by boom cylinders 
5; an arm 7 provided within the boom 6 so as to be 
extensible and contract ible , and extended and 
contracted by a telescopic cylinder (not shown) 
provided within the boom 6; and a spreader 9 provided 
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at a front end portion of the arm 7 , adapted to be capable 
of making an extending and contracting motion, a 
rotating mot ion, an inclining motion, and a paral lei ing 
motion, and holding a container by four lock pins 8. 
A cabin 10 is disposed on the upper surface of the vehicle 
body 3 and below the boom 6, at a position where 
visibility during work is satisfactory. An operator 
can perform a moving action for the reach stacker itself, 
or a holding action or an installing action for the 
container, with the use of an operating panel within 
the cabin 1 0 . 
[0023] [0022] 

In the heavy duty industrial vehicle, the working 
machine is configured so as to be capable of performing 
a predetermined working procedure. In the reach 
stacker, for example, the spreader 9 serves as the 
working machine . As the controllers, the reach stacker 
has a controller 11 for controlling the spreader 9, 
a controller 13 for controlling the vehicle so as to 
move it , and a controller 12 for controlling an operation 
performed by the operator. These controllers control, 
independently of each other , the spreader 9 , the vehicle 
body 3 and the cabin 10, respectively, which are 
instruments to be controlled. In addition, the reach 
stacker has a display and J/S (joystick) 14 for 
indicating information to the operator, and indicating 
operator guidance from the operator. These 
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controllers are interconnected by a high speed CANbus 
network (hereinafter referred to simply as CAN) 15. 
Each controller exchanges necessary control 
information with one another in real time, and performs 
a control action for each instrument to be controlled. 
The controller 13, as a main controller, monitors the 
other controllers 11 and 12, and controls the entire 
vehicle in an integrated manner. That is, these three 
controllers, which are interconnected by the CAN 15, 
constitute a so-called distributed network having 
capabilities or functions distributed among them. 

[0024] [0023] 

The above controllers are each composed of CPU 

(processing circuit), a storage region (having ROM 
containing control software and data, and RAM serving 
as an arithmetic work area), and an I/F (interface) 
circuit which is a processing circuit for input and 
output signals. 

[0025] [0024 ] 

Since the plurality of controllers are 
constituted as the distributed network, the controllers 
can be arranged in proximity to the instruments to be 
controlled, as compared with the conventional 
controller which, singly, controls all the instruments 
to be controlled. Thus, the wirings between the 
controllers and the instruments to be controlled can 
be markedly reduced. Since control signals can be 
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exchanged through a single cable for CAN, moreover, 
the structures between the instruments are simplified. 
Thus, the number of man-hours required for assembly 
can be markedly decreased, and the wirings themselves 
can be cut down on, so that the rate of failures due 
to a wire break, etc. can be reduced. Furthermore, a 
quick response at the time of failure becomes possible. 

[0026] [0025] 

In the reach stacker shown in FIG. 1, the 
controller 11 for controlling the spreader, the 
controller for the cabin I/O, and the controller 13 
for vehicle body control have an exactly common hardware 
configuration, and use exactly common driver software 
for setting the actions of the hardware , and for directly 
actuating control instruments. However, application 
software for controlling, by use of the driver software, 
the instruments to be controlled is the only tool that 
is different among the different controllers. For 
example, the controller 11 for controlling the actions 
of the spreader has spreader control software as the 
application software, the controller 12 for controlling 
operations from the operator has cabin I/O software 
as the application software, and the controller 13 for 
controlling the actions of the vehicle body has vehicle 
body control software as the application software. 
Details for these features will be offered later. 

[0027] [0026] 
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In the above features, the controller 11, for 
controlling the actions of the spreader 9, sends control 
signals to the respective control instruments for the 
spreader via a working machine I/F 16 to drive motors, 
and acquires detection signals from sensors to detect 
the acting state of the spreader, for example, the 
positions of the lock pins, the inclination angle of 
the spreader, and so forth. Moreover, the controller 
11 lights a warning lamp for indicating that the 
operation is in progress. The controller 11 also uses 
working machine electromagnetic control 17 to exercise 
action control over an electromagnetic valve, thereby 
controlling the actions of hydraulic cylinders for 
effecting an extending and contracting action and an 
inclining action of the spreader 9. 
[0028] [0027 ] 

The controller 12 acquires input signals from 
the cabin 10, such as an accelerator pedal and a brake 
pedal, via an operator I/F 18, and transmits control 
information to the controllers 11 and 13 via the CAN 
15 to control the action of the vehicle 3 and the spreader 
9 . 

[0029] [0028] 

The controller 13 takes charge of the integrated 
control of the vehicle by vehicle integrated control 
19, and also controls the vehicle body 3 with the use 
of vehicle body I/F 19. In addition, the controller 
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13 uses boom servo valve control 20 to exercise action 
control over the boom 6, uses T/M (transmission) 
electromagnetic valve control 21 to exercise action 
control over T/M, and uses engine control 22 to exercise 
action control over the engine, concretely, control 
of the oil pressure of the engine and control over a 
battery . 

[0030] [0029] 

The display and J/S 14 may be those in a 
configuration comparable to that of any of the 
above -de scribed controllers. However, the display and 
J/S 14, unlike the other controllers, are not required 
to involve many types of input and output signals, but 
need to give output signals for indication on the display. 
Thus, they use a dedicated controller to issue signals 
to the display and acquire signals from the J/S. Even 
in this case, they have a common communication 
capability, and can exchange control signals and 
vehicle information via the CAN 15, independently of 
the controllers 11, 12, 13. Concretely, information 
such as a vehicle posture or an error code during the 
operation of the spreader is indicated on the display 

14 with the use of vehicle information acquired from 
the controller 11 and the controller 13. Also, an 
operator guidance from the operator, which has been 
inputted from the J/S 14, is acquired by the dedicated 
controller, which transmits such operational 
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information to the controllers 11 and 13 via the CAN 
15 to control the action of the spreader 9 and the action 
of the vehicle 3. 
[0031] [0030] 

In the reach stacker of the above configuration, 
while referring to the work situation (assembled form 
of cargo, posture of the vehicle, weight of the container, 
angle of the boom, extension or contraction of the arm, 
etc.) and the vehicle situation (rotational speed of 
the engine, speed of the vehicle, etc.) indicated in 
colors on the display 14, the operator within the cabin 
10 operates the J/S 14 on the operating panel of the 
cabin 10 to perform a moving action of the vehicle body 
3, an inclining action of the boom 6, an extending and 
contracting action of the arm 7, and an extending or 
contracting action, a rotating action, and a holding 
action of the spreader 9. For example, in a run with 
the container being held, control is exercised such 
that the vehicle body 3 can run, while the spreader 
9 is held in a stable posture which enables the run. 
The stable state of the vehicle is indicated on the 
display 14. If there is a possibility that the stable 
posture of the vehicle will be destroyed by an up-slope 
or the like, for example, control is exercised such 
that a warning is issued at once to keep a stable posture 
automatically or manually. 
[0032] [0031] 
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FIG. 2 shows a constitution example of 
input/output signals of the controllers for the heavy 
duty industrial vehicle according to the present 
invention . 

For comparisons, the table in this drawing also 
shows the constitution of input/ output signals required 
by the controllers which are used in a general reach 
stacker, a heavy duty F/L (fork lift), and M/G (motor 
grader) . 

[0033] [0032] 

The controllers for a heady duty industrial 
vehicle according to the present invent ion , concretely, 
have 4 connections for pulse input signals from the 
instruments to be controlled, 1 connection each for 
serial signals for synchronous mode , asynchronous mode , 
and CAN, 5 connections for output signals to the servo 
valve, 12 connections for outputs to the 
electromagnetic valve, 12 connections for analog input 
signals, 2 connections for analog outputs, 24 
connections for contact inputs (24V) and 8 connections 
for contact inputs (5V) , and 13 connections for contact 
outputs (24V) and 5 connections for contact outputs 

(5V) . These are the maximum numbers of connections for 
inputs and outputs required of the instruments to be 
controlled, and they are common to these controllers. 
The capacities of the inputs to and outputs from the 
contacts (e.g., voltage, etc.) are also the maximum 
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required capacities, and they are common to the 
controllers. These values correspond to 
specifications satisfying the requirements for the 
general reach stacker that are listed in the column 
on the right of the common controller in FIG. 2. These 
values also sufficiently fulfill the specifications 
for the heavy duty F/L and M/G listed at the same time, 
and can be applied to other heavy duty industrial 
vehicles as well as the reach stacker. 
[0034] [0033] 

That is, for the commonality of hardware among 
the controllers, not only the hardware configuration 
within the controllers, but also the connectors for 
input and output signals are rendered common, and their 
positions of arrangement are also rendered exactly 
identical. Moreover, each of the controllers is 
entirely boxed to improve dust-proof properties, and 
when the controller is to be replaced, it suffices to 
replace its connectors, thereby enabling a 
predetermined action . 
[0035] [0034] 

FIG. 3 shows an example of the logic 
configuration of the controllers for the heavy duty 
industrial vehicle according to the present invention. 

FIG. 3 illustrates a logic configuration example 
of the controller for performing vehicle control. 
However, the controllers for spreader control and cabin 
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control have exactly the same configuration, except 
for a vehicle control module portion corresponding to 
application software. 
[0036] [0035] 

In the logic configuration of the controller for 
the heavy duty industrial vehicle according to the 
present invention, concretely, the structures of the 
CPU and I/F circuit corresponding to hardware are 
exactly common. Not only the portion corresponding to 
a physical configuration (i.e., hardware), but also 
the configuration of portions corresponding to the 
setting of hardware inside the controller, concretely, 
settings for a clock, an action mode, CPU terminal 
function, a pulse counter, PWM (pulse width modulator) 
function, and an A/D conversion mode, are exact ly common , 
and a so-called microcomputer layer is used as a common 
plat form . 
[0037]- [0036] 

Furthermore, the zone of the application layer 
constituting the software is constructed in a 
hierarchical structure, and the lower level of the 
application layer, namely, a driver module having 
driver software for directly receiving and outputting 
control signals from and to the instruments to be 
controlled, is constructed in a completely common 
configuration. Concretely, a general I/O, a servo 
valve current control PWM output, pulse conversion, 
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and A/D conversion are used as a common configuration. 
The driver module and the microcomputer layer are of 
exactly the same configuration among the controllers. 
On the other hand, a control module, which is the upper 
level of the application layer, and utilizes the driver 
software, forexample, if it is a vehicle control module , 
has application software for vehicle control. 
Depending on which of the instruments to be controlled 
the vehicle control module controls, the configuration 
of the vehicle control module becomes different. 
Concretely, the vehicle control module has software 
for effecting vehicle speed calculation, transmission 
control, engine control , switch/lamp control , and cargo 
handling/working machine control. That is, this 
portion of the control module is installed with 
application software for a spreader control module in 
the case of the spreader, or application software for 
a cabin control module in the case of the cabin. 
Furthermore, only this control module portion is 
replaced according to the instrument to be controlled, 
whereby the control module portion can function as any 
of the controllers, and its diverted use is facilitated. 
[0038 ] [0037 ] 

The common driver module ( drive software ) is held 
in the ROM (read only memory) inside the controller. 
The control module at the level upward of the driver 
module utilizes this driver module to control the action 
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of the instrument to be controlled. The control module 
(application software) is rewritable according to a 
predetermined procedure, and is held in a rewritable 
ROM (e.g., flash ROM). 
[0039] [0038] 

Next, the procedure in the event of a failure 
in the controller will be described with reference to 
flow charts shown in FIG. 4 and FIG. 5. 
[00 4 0] [0039] 

For example , the procedure for a degradation mode 
in the case of a failure in the controller for spreader 
control is shown in the flow chart of FIG. 4. 
(Step SI) 

A failure detection error code on the display 
14 within the cabin 10 is verified. At this time, this 
code is confirmed to be an error code showing a 
malfunction in the controller for the spreader. 
(Step S2). 

An interlock release key SW on the operating 
panel within the cabin 10 is turned on. 
(Step S3) 

It is confirmed that the failure detection error 
code is not indicated on the display 14 within the cabin 
10. If there is a malfunction in the spreader 
controller, the interlock release key SW transiently 
releases interlock in disregard of an error in the 
spreader controller, instead of disabling an operation 
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of the spreader 9 itself. On this occasion, an 
indication of the failure detection error code on the 
display 14 is also transiently stopped. 
(Step S4) 

An operation is performed, with the interlock 
release key SW remaining ON. That is, the operation 
of the spreader 9 is disabled, and other operation, 
for example, only an operation for running of the vehicle, 
is enabled. This is the degradation mode (limited 
operation means), which enables a limited operation 
even in a state where one of the three controllers is 
not connected, or there is no operating machine such 
as the spreader 9. In the reach stacker, according to 
the degradation mode, the vehicle is rendered capable 
of running, with the spreader 9 being located at a safe 
position . 
(Step S5) 

The power source for the vehicle is turned off. 
(Step S6) 

After a repair or replacement of the spreader 
controller is completed, the interlock release key SW 
is turned off (the key is removed) . Then, it is 
confirmed that the failure detection error code is not 
indicated on the display 14 within the cabin 10. 
[0041] [0040] 

The procedure for the degradation mode in the 
case of a failure in the controller for controlling 
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other member than the spreader 9 is shown in the flow 
chart of FIG. 5. 
(Step Sll) 

A failure detection error code on the display 
14 of the cabin 10 is verified. At this time, this code 
is confirmed to be an error code showing a malfunction 
in the controller for other member than the spreader, 
for example, the vehicle body controller. 
(Step S12) 

The power source for the vehicle is turned off. 
(Step S13) ■ • 

The spreader controller and the failed vehicle 
body controller are both detached, and the spreader 
controller is attached as a vehicle body controller 
for serving as a new vehicle body controller. 
(Step S14) 

A mode SW of the new vehicle body controller is 
switched to a software installation mode (rewriting 
means ) . 
(Step S15) 

The power source for the vehicle is turned on. 
(Step S16) 

An installation cable and PC (computer) are 
connected to the new vehicle body controller to install 
application software for the vehicle body controller. 
(Step S17) 

The power source for the vehicle is turned off. 
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(Step S18) 

The mode SW of the new vehicle body controller 
is switched to a RUN mode (usual state). 
(Step S19) 

The power source for the vehicle is turned on. 
Then, the procedure starting with Step S2 in the flow 
chart shown in FIG. 4 is performed (point A in FIG. 
4) . 

Industrial Applicability lNDUSTRIAL APPLICABILITY 
[0042 ] [0041] 

The present invention is not limited to the reach 
stacker, but can be applied to other heavy duty 
industrial vehicles, including a heavy duty fork lift 
and a motor grader. 
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